
DRAINAGE


1. Purpose


This section presents the description, operation, references, and methods used for the design and calculation for the drainage collection system in the proposed subdivision. 


2. Design Considerations

a) The proposed drainage system complies with all aspects of the St. James Parish Code of Ordinance  Sec. 106-346, “Drainage and Storm Sewers.” This document provides guidelines for all new developments within the Parish. Of particular importance in the development of the Gramercy Park Subdivision were the following provisions:

i. The stormwater drainage system shall be separate and independent of any sanitary sewer system.
ii. Storm sewers, where required, shall be designed by the Rational Method, or other methods as approved by the parish department of operations.
iii. Inlets shall be provided so that surface water is not carried across or around any intersection, nor for a distance of more than 600 feet in the gutter.
iv. Final drainage plans shall show existing contours at one-foot intervals or less, and shall include an overall site grading plan.
v. Profiles of all ditches shall be submitted with the subdivision plat at a minimum of 500 feet intervals. Profiles shall include minimum size, grade design elevations, and carrying capacity. 

b) The proposed drainage system follows all design recommendations provided in the Louisiana Department of Transportation and Development (LaDOTD) Hydraulics Manual.

c) The drainage collection system has been configured to minimize excessive construction cost by limiting the slope of the outfall conduits to approximately existing slopes when applicable, thereby decreasing excavation depths as shown in the general arrangement drawings and as indicated on the site, drainage and grading plans.

d) The level of potential pollutants will be minimal due to the following:

i. There are no vehicle or equipment maintenance facilities planned at present.  Any oil and/or grease contaminants will be produced only by what may leak from vehicles operating within the site boundaries.   As a result, the potential for oil and/or grease pollutants entering the storm water system is minimal.
ii. No sanitary sewer flows will be connected or discharged into the storm drainage system.  Treated sanitary sewer will be discharged into the Pihl-Besix RCB.
iii. Solid waste pollutants such as wood, paper, plastic, aluminum cans, styrofoam cups, etc. entering the storm drainage system should be minimal due to the size of the opening in the grate inlet. 


3. Site Topography

a) The site topography is divided more or less evenly between the north half and the south half of the site.  The north half is essentially flat with little topographic relief.  The access roads, building slabs and the top of trench channel wall grades will be set higher than the existing grade elevation so that general fill can be placed and graded in the intermediate areas to provide overland flow for the rainfall runoff to the trench channels.  

b) The south half is sloped uniformly from south to north.  Access roads, building slabs and the top of trench channel walls will be set higher than existing grade elevations.  Roads and drainage channels will more or less parallel the existing slope to minimize excavation.  Due to the uniform slope of the south half, several collector trench channels were run parallel to the ground slope to intercept runoff.  The interceptor trench channels are connected by trench channels that run perpendicular to the slope.


4. Hydrologic Evaluation

a) As per recommendation in the LaDOTD Hydraulics Maual, the proposed drainage system was designed to handling a 10-year design storm event and all areas within the site limits are included and/or addressed in drainage calculations.

b) Rainfall runoff flow estimated per Rational Method:  Q = CIA

	Where:	Q = Runoff volume, cubic feet/second (cfs)
		C = Runoff Coefficient
		I = Rainfall Intensity, inches/hour (in/hr)
		A = Drainage Area, acre (ac)

i. Runoff Coefficients (C) are estimated and are variable between 0.3 and 0.4 per site surfaces within the particular drainage area.  See Appendix 3 Figure 2 for Runoff Coefficients.
ii. Rainfall Intensity (I) in in/hour for the 10 year design event per Reference 3.0 A were calculated per LaDOTD drainage manual Chapter 3-C Rational Method. Actual intensities used in the Rational Formula vary based on estimated time of concentration (TOC) of the reach being designed.  Minimum TOC = 5 minutes.
iii. Drainage Areas (A): Total area = 34 acres.  Individual drainage areas are indicated on the design drainage map see Appendix 3 Figure 4.  Areas were computed using AutoCAD.
iv. Excel Spreadsheets were used to generate the calculations for the rainfall runoff calculations (see Appendix 1 Table No. 1).


5. Culvert Flow Design	

a) The collection system consists of the following drainage structures: trench channels (Central Canal), swales, outfall conduits consisting of XXXXX diameter concrete pipe. These structures are located to allow runoff to be intercepted, collected, transported, treated (sediment control) and discharged into “Central Canal”. 

b) The primary runoff interceptor/collector consists of curb inlet CB-07 (see dwg. XXX) located throughout the site.

c) Collected runoff will be directed to a XX inch concrete force main.  

d) The entire system consists of closed conduit except for the portion that drains directly into the central canal.  In open channel flow the hydraulic grade line (HGL) = the water surface.  Major losses are friction losses.  Minor head losses are from bends, intersections, etc.  Head losses were computed using Reference 3.0 B.

e) Minimum closed conduit velocities are sufficient for sediment transport during a storm event.

f) Culvert Flow Design per Manning’s Equation for Gravity Flow:

	Q = 1/n x A x R2/3 x S1/2 

		Where:	Q = Flow capacity of channel (cfs)
			A = Area of flow (sq.ft)
			R = Hydraulic Radius = A/P (ft), P = Wetted Perimeter
			S = Channel slope (ft/ft)
			n = Manning’s Roughness Coefficient

	V = 1/n R2/3 x S1/2

		Where:	V= Channel Velocity (ft/s)
			R = Hydraulic Radius = A/P (ft), P = Wetted Perimeter
			S = Channel slope (ft/ft)
			n= Manning’s Roughness Coefficient

i. Manning Roughness Coefficient (n) for concrete Trench Channel:  0.014
ii. Manning Roughness Coefficient (n) for steel Discharge Pipe(s):  0.012
iii. Minimum Trench Channel Velocity for sediment transport:  2.0 ft/sec
iv. Type of flow (subcritical, critical or supercritical) per Froude Number:

	F = V/(gdm)1/2

	Where:	F = Froude No.
		V = Velocity in the cross section
		g = 9.81m/sec2
		d = hydraulic depth 

		F ≤ 1, Subcritical
		F = 1, Critical
		F ≥ 1, Supercritical	

	 
g) Excel Spreadsheets are used to generate the calculations for the closed conduit system. (see Appendix 1Table Nos. 2 and 3).


6. Inlet Hydraulics

a) According to the LaDotd Hydraulics Manual: “It is good engineering practice and LADOTD policy to design inlet spacing so that water is removed from the roadway at a rate that prevents the roadway from becoming unusable or unduly hazardous during a storm of design recurrence interval.” In addition, spacing may not exceed 200 ft, but must be sufficient to allow manual maintenance work.

b) For curb, gutter and grate inlets operating as weirs, the capacity is calculated using the weir formula. The weir equation, LaDotd Drainage Manual Eq. 8-A.3-1, is: 

Qi= Cw P F d3/2				

Where: Qi = Rate of discharge into the grate opening (cu.ft/sec) 
Cw = 3.0 
P = Perimeter of the grate in feet disregarding bars and the side against the curb (See Figure 8-A.3-1) 
F = Flow reduction factor for clogging 
d = Average depth of water at grate or face of curb (ft.) 






6. Depth of Ponding at inlet

a) Because the proposed system utilizes grate inlets, the depth of ponding at the inlet must be calculated according to the procedure described in The LaDotd Hydraulics Manual (Chapter 8 – Part A, Grate Inlets). 

b) Our Calculations indicate that some temporary ponding of water will occur during the design event in Area 1 along the south edge of the dock (Points H and K).  Some of the water may sheet flow onto the dock.


c) Weir operation continues to a depth (d) of about 0.4 ft above the top of the grate. The depth of ponding for a computed runoff (Q) is computed using LaDotd Drainage Manual Equation 8-A.4-1: 

d = (Q/3.0PF)2/3			Eq. 8-A.4-1 

Where: d = Average depth of water at grate (ft) 
Q = Rate of discharge into the grate opening (ft3/sec) 
P = Perimeter of the grate in feet disregarding bars and the side against the curb (See Figure 8-A.3-1) 
	F = Flow reduction factor for clogging
	
d) Calculations:

i. Excel Spreadsheets were used to generate the majority of calculations for the collection system.  Hand calculations were used for preliminary design.   In some cases hand calculations were supplemented with electronic calculations, which are included in Appendix 4.  Selected supporting documents are included in Appendix 5.


7. Conclusion

a) THIS SHOULD BE AN OVERVIEW OF SYSTEM DESIGN.

b) During storm events greater than the design event, runoff may exceed the system in the south half of the site and sheet flow to the north half.  In the north half, runoff will most probably exceed the system at several locations.  Interior areas of the north half of the site surrounded by access roads, which are set higher than existing grade, will act as impoundment areas.  To keep the level of water in these interior areas from overtopping the roads, an emergency overflow is provided in the SCS.  Perimeter areas of the north half outside the access roads will sheet flow into the sea during storm events greater than the design event..  



8. Recommendations

A. A periodic inspection/maintenance program should be developed for monitoring and removal of sediments in the trench channel system, especially during the rainy season.

B. A periodic inspection/maintenance program should be developed for monitoring and removal of sediments and debris from the SCB and outfall pipes, especially during the rainy season.  

C. Monitoring of the storm water discharge shall meet the requirements of the project specific Certificate of Environmental Clearance (CEC) per Reference 3.0 F. 

D. As-built elevations and configurations of the existing Pihl-Besix RCB and drainage ditch structures located in the south and west limits shall be verified prior to construction.





